of her arms and breasts, followed shortly after by a tingling sensation in her nose and lower face. Numbness of both hands was reported next, followed by weakness of the right hand. At this stage the block extended from C7 to SI, with trigeminal nerve block of the face and cornea. The legs were slightly heavy and the blood pressure was unchanged. After 45 minutes the weakness and numbness had regressed and the block was from TIO to SI. Analgesia wore off after three hours. At 11.45, 10 ml of the same local anaesthetic was administered cautiously over ten minutes, following negative aspiration. Good analgesia resulted, with a T9-L5 block and no unusual symptoms. Another 10 ml top-up was given slowly at 14 .00 without problem, although foetal bradycardia did develop forty minutes later, necessitating a low forceps delivery. (Apgar scores 8 and 10.)
That afternoon (16.00), the patient consented to further investigation and was transferred to the X-ray department, and under fluoroscopic control a dose of 6 ml of metrizamide (Amipaque) was injected into the epidural catheter.
The catheter tip was noted to be at L3, and the spread of dye in the AP view was predominantly unilateral, with half of the classic subdural 'railroad track' appearance on the right from T6 to L4, and a thin band of dye between T6 and Lt on the left, with a faint homogeneous shadowing in between ( Figure 1 ). The lateral view showed welldefined ventral and dorsal columns of dye ( Figure  2 ). The patient made an uneventful recovery.
Case 2
A 23-year-old primiparous patient (height 165 cm, weight 53 kg) presented for epidural block in early labour. An epidural catheter (Portex, 3-hole) was inserted without difficulty at the L4-5 interspace with the patient in the left lateral position. At 06.40, following negative aspiration, 14 ml 0.25% bupivacaine with adrenaline adequacy of her breathing and closely monitored 1 :400,000 was injected over five minutes. Good while breathing oxygen. analgesia resulted, with a sensory block extending from T8-L4 and hypotension of 90/50 mmHg Over the next 45 minutes the block slowly which responded to fluid loading. regressed, with the motor symptoms disappearing At 10.00, a top-up was requested, and 12 ml of first. At 11.30 with the sensory level at T9 the same solution was injected over two minutes. bilaterally and the cervix at full dilatation, foetal Hypotension (90/60) recurred 15 minutes later. At bradycardia (90-120 b.p.m.) was noted. A healthy 25 minutes, the patient complained of numbness of neonate was delivered (Apgar scores 8 and 10), with her whole body up to the clavicles, followed by a the help of forceps. The block had completely feeling of , heaviness' in her left arm, both legs, chest regressed by two and a half hours. and perineum. On examination, she was anxious, With the patient's agreement, dye injection was particularly about her breathing, as she could not performed four hours post partum using feel her chest moving with respiration. metrizamide 8 ml. The results ( Figure 3 ) showed Sensory testing revealed numbness to pin-prick the tip of the epidural catheter at L4, with a low up to C3 on the left, and T2 on the right. There was subdural spread of dye between TlI and S2 slight weakness of the left hand, and the legs were appearing as a fairly homogeneous sheet of dye immobile. The respiration was noted to be slightly with 'rail-road tracks' above. The lateral view inco-ordinated. The blood pressure again ( Figure 4 ) revealed marked ventral and dorsal responded to fluid loading and remained stable columns of dye. The patient made a routine post (130/80) thereafter. The pupils appeared to be partum recovery, without headache or neurological unaffected. The patient was reassured about the problem. 
Case 3
A 34-year-old patient (height 152 cm, weight 68 kg) presented for epidural block in established labour. Her prior obstetric epidural had been unsatisfactory two years previously, when despite repeated attempts, only unilateral block on the left side could be achieved.
On this occasion, at 14.40, a 17 gauge Tuohy needle was inserted at the L3-4 interspace with the patient in the left lateral position, and 14 ml 0.375% bupivacaine injected over three minutes. A Portex epidural catheter (3-hole) was then inserted to the 8 cm mark.
Satisfactory analgesia resulted with only minimal blood pressure fall and a sensory level to T9. By 16.00 pain had returned, and 10 ml of the same solution was injected through the catheter over two minutes, resulting in a left-sided block only. The catheter was withdrawn by 1 cm, and a further 5 ml dose given with the patient in the right lateral Anaesthesia and Intensive Care, Vol. 20, No. 2, May, 1992 position, but the right side remained unblocked. At 16.30 the catheter was removed and another inserted into the L2-3 interspace, to the 8 cm mark. Following 12 ml of 0.375% bupivacaine, over two minutes, bilateral block to T8 developed after 15 minutes, with the blood pressure remaining steady (130/80). However, after a further 15 minute the patient complained of difficulty in breathing and numbness of the trunk. Examination revealed a sensory block to T2 with the expected slight heaviness of the legs, and a stable blood pressure. Respiratory movements were adequate, but showed a minor degree of inco-ordination. After 55 minutes the sensory block had regressed to T8 and the breathing returned to normal. At 18.52, normal delivery of a healthy infant occurred with effective analgesia. By 19.20 (2 hours and 50 minutes) the block had worn off, but the catheter was left in place.
The following morning, and with the patient's , showing subdural spread of dye. consent, dye injection was undertaken using 9 ml of metrizamide. The AP view ( Figure 5 ) showed the typical 'tree-like appearance' of an epidural block, with dye escaping out of the epidural space through the intervertebral foramina (TI2-L5), but above this was the typical 'rail-road track' appearance ofa subdural block, up to T8 on the left and T9 on the right. The lateral view ( Figure 6 ) confirmed the finding of a mixed epidural and subdural block. No obvious cause, such as a midline septum, to account for the repeated failure to block the right side was evident.
The patient made a routine recovery without headache or neurological problems.
Case 4
This 49-year-old woman (height 168 cm, weight 64 kg) was admitted for vaginal repair surgery. She was in good health apart from a complaint of dyspnoea on moderate exertion and the finding of mild aortic sclerosis. Premedication consisted of morphine sulphate 5 mg by intramuscular injection one hour preoperatively. She was alert and co-operative on arrival in the operating theatre and a Portex epidural catheter with three side-holes was inserted without difficulty into the L2-3 interspace, in the left lateral position. Following negative aspiration, a test-dose of 3 ml bupivacaine 0.5% with adrenaline 1 in 200,000 produced no adverse effects after five minutes, and a further 12 ml was then given over three minutes.
After 15 minutes, sensory block was noted from T9-L4, and the patient was transferred to the operating table and into the lithotomy position. She was alert and comfortable with a blood pressure of 110170 mmHg. After 35 minutes, with the operation proceeding smoothly, the patient complained of breathlessness and was noted to be pale. The pulse rate fell from 60 to 45 per minute and the blood pressure to 60 mmHg systolic, and atropine 0.6 mg and ephedrine 10 mg were given intravenously. The respiratory movements were then observed to become jerky and inco-ordinated with tracheal tug, while the patient suddenly became drowsy and lapsed into unconsciousness. Following oxygenation, suxamethonium 50 mg was given to facilitate tracheal intubation and ventilation was then controlled with 100% oxygen. At this time the pupils were seen to be fully dilated and unreactive to light. The blood pressure increased to 80 mmHg following the rapid infusion of two litres of Hartmann's Solution and remained at this level throughout the operation with the patient warm and well perfused, and a pulse rate of 70-80 b.p.m. The operation was completed in 55 minutes and spontaneous respiration resumed ten minutes later (90 minutes after the block), when the Anaesthesia and Intensive Care, Vol. 20, No. 2, May, 1992 trachea was extubated. After a further 20 minutes the pupils returned to normal size and the patient started to waken. Full consciousness was restored over the next 15 minutes and she appeared to be alert and well orientated, The sensory block now extended down from the C6 dermatome with dense motor block in the legs. After a further two hours the block had completely resolved, and the patient having agreed to further investigation, was transferred to the X-ray department for dye injection. On fluoroscopy, metrizamide 8 ml was seen to lie in the subdural space between T6-L3, with a faint 'rail-road track' appearance bilaterally. However, epidural spread was also present as indicated by the excessive extension of contrast material along the nerve roots ( Figure 7) . The patient made a good recovery, with no postoperative headache nor deficit.
These four cases were managed by several individual anaesthetists using their routine practice, which usually did not include a test-dose nor 'fractionation' of the initial or top-up doses. Epidural catheters were directed cephalad, with 2-3 cm usually being left in the epidural space.
DISCUSSION
The subdural space is a potential cavity between the dura and arachnoid mater, and contains a small volume of serous fluid. It has been recognised by anatomists and radiologists 13 for many years, and more recently viewed through an endoscope. 14 The space runs from the lower border of the second sacral vertebra into the cranial cavity and does not communicate with the subarachnoid space, but is continued on the cranial and spinal nerves for a short distance.
Sechzer,15 in 1963, suggested that displacement FIGURE 6.-Lateral radiograph of lumbar spine (Case 3), showing mixed subdural and epidural spread of dye. of a spinal needle into the subdural space might was unusual in that there was only limited account for some cases of failed spinal block, while segmental spread (below Ll) following subdural Dawkins in 1969 16 reported on 28 cases from the block, a feature also noted by Paech. 12 These cases literature of 'massive epidural' block. His classic will not be considered further. Data from the other description included the slow onset of respiratory six cases is combined with the present data in Table  depression , hypotension and pupillary dilatation, 1, and will be discussed. following an apparently normal epidural block All of the reports except one involved obstetric similar to the pattern in Case 4 above.
patients, and the most common presenting feature It was not until 1975 that Boys and Norman,s was the unexpectedly high level of sensory block using subdural dye injection, suggested that most attained, sometimes following relatively small 'massive epidurals' were in reality subdural blocks. volumes oflocal anaesthetic (as low as 3.5 ml). The Numerous cases of extensive blockade following block was predominantly unilateral in four cases, epidural injection have been reported, a few and developed after 20-35 minutes with attributed directly to subdural block l -4 and others bupivacaine (earlier with chloroprocaine), and to 'atypical spinal block'P-19 However, only eight lasted for 65-230 minutes (shorter with radiologically confirmed cases of subdural block chloroprocaine). The height of the block appeared have been published with their X_rays6- 11, 20, 21 (in unrelated nerve block was observed in three patients, and was explained by blockade of the long downward extension of the sensory root of the nerve in the cervical cord. Hypotension, defined as a drop in systolic pressure of greater than 20 mmHg, occurred in six of the ten patients and required urgent treatment in four.
Intracranial spread with respiratory failure occurred in two patients (5 and lO, in Table 1 ), and required ventilation for 70 and 55 minutes respectively. The first developed weakness of phonation with the respiratory inadequacy and the second lapsed into unconsciousness with dilated pupils. These two cases of 'total' subdural block, with the severest symptoms, were the only ones to receive motor-blocking concentrations of local anaesthetic in volumes of 15 ml or greater. Respiratory embarrassment of a lesser degree was noted in two other patients (8 and 9), in whom the blocks were not sufficiently high to produce brainstem depression, and probably resulted from intercostal muscle weakness and inco-ordination with loss of the sensation of breathing.
Unexpected dense motor-block in the legs was not a common finding in these ten cases of subdural block, being present in only two. This contrasts with the usual occurrence of dense lower limb motor-block following accidental spinal block. All the patients described made a full and uneventful recovery.
The X-ray findings in this series were remarkably constant, with all the AP views showing the 'railroad track' appearance in the thoracic or upper lumbar spine. This picture results from the subdural space being widest laterally, allowing for accumulation of dye adjacent to the nerve roots. The dye also tends to curve down between the arachnoid and dura mater to lymph spaces within the root ganglia and the perineurallymphatics. 22 In the lower lumbar spine the dye appeared to pool as an amorphous sheet. In the lateral views the marked dorsal and ventral columns of dye were noted repeatedly, with an amorphous sheet of dye between. These radiographs are very different from those seen following epidural block, with the 'tree-like' appearance ( Figure 5 ) resulting from excessive extension of contrast along the nerve roots and the 'string of beads' (or 'sausages') which follows subarachnoid block. In two of the four patients in the present work (Cases 3 and 4), there was X-ray evidence of a mixed epidural and subdural block ( Figures 5 and  7) , while in the other two cases the clinical findings also suggested a mixed block. Figure 8 is a CT scan demonstrating mixed spread, with contrast material in both the epidural and subdural spaces (of a different patient). In Case 1 the epidural catheter was presumably placed with at least one orifice in the subdural space and one in the epidural space, as the first dose, which was given fairly quickly, appeared subdural on clinical grounds, with the second and third doses producing typical epidural block and the contrast medium entering the subdural space. It has been suggested that the differential spread of the injected solutions in these cases is determined by the pressure applied to the syringe at the time of the injection,23 and that this factor is responsible for the occasional collapse of patients following second or subsequent epidural top-ups, when the initial injection had been uneventful. Similarly, a 'late' spinal block may result from a catheter lying in both the epidural and subarachnoid spaces.
In Case 2, the catheter may have been misplaced at the time of insertion or migrated later, as the first dose produced 'lln epidural block while the second dose and the dye appeared to be subdural. In Cases 1 and 3, as in several other cases of subdural block, technical difficulty in obtaining a satisfactory epidural block was noted, and repeated punctures were required, sometimes following inadvertant Anaesthesia and Intensive Care, Vol. 20, No. 2, May, 1992 dural puncture. 24 ,25 In Case 4, with an apparently straightforward 'epidural' block, the catheter holes were again located in the epidural and subdural spaces, and spread to the subarachnoid space may also have occurred.
The exact mechanism behind these mixed blocks remains to be elucidated; however, it may be an appropriate time to review catheter design and revert to a single orifice, either side or end location, or perhaps two eyes more closely spaced than the present three which are found 7, 11 and 15 mm from the catheter tip (Portex), although other designs have given trouble in the past. 26 With regard to the incidence of subdural block, it is almost certainly greater than the 0.3% suggested by Dawkins 16 for his 'massive epidurals', but probably less than the 0.8% derived retrospectively by Lubenow et at. 4 High blocks are not uncommon in epidural practice, particularly in the obstetric field, but the proportion due to subdural block is unknown and will not be revealed until a series of dye injections in patients with high blocks is undertaken. However, Mehta and Salmon in 1985 27 used dye injections to study epidural needle placement by experienced anaesthetists in 100 pain clinic patients, and found a 7% incidence of mixed epidural/subdural block.
The differential diagnosis of subdural block usually involves consideration of an accidental spinal block, although the aspiration of CSF may sometimes, but not always, clarify matters. As Evans has shown in his series of deliberate high spinal blocks,28 onset of unconsciousness, pupillary dilatation and respiratory failure may be delayed as with high subdural blocks. The diagnosis may only be made later with dye injection. However, the actual diagnosis may be largely of academic value, as the management in both situations is similar if no CSF can be aspirated. In summary, subdural block, pure or mixed, probably occurs more often than suspected clinically after apparently normal epidural blocks. The majority will be a 'low subdural' with just a high sensory level.
A higher block may involve the arms and produce facial and corneal analgesia with occasional pupillary changes. A 'total' subdural, resulting in the delayed onset of collapse and apnoea, although rare, should not be forgotten, especially following larger doses of local anaesthetic in motor-blocking concentrations.
